A new unique steroidal glycoside, granulatoside C (1), was isolated from the ethanol extract of the starfish Choriaster granulatus. The structure of 1 was elucidated by extensive NMR and ESI-MS techniques as (20R)-16,21-O-di-(-D-fucopyranosyl)-24-methyl-cholesta-5,24(28)-diene-3,7,16,21-tetraol (1). This glycoside is unusual one, because combines some characteristic structural peculiarities of steroids from several different phyla of marine invertebrates, it has a range of structural features that not previously found in starfish polyhydroxysteroidal glycosides, such as ∆ 5 -3,7,16-trihydroxysteroidal nucleus, ∆ 24(28) -21-hydroxy-24-methyl-cholestane side chain and 16,21-diglycosylation by D-fucopyranosyl residues, but also characteristic of sponges, ophiuroids and soft corals, respectively.
Polar steroids are a quickly growing group of marine secondary metabolites distributed in starfish, ophiuroids, sponges and soft corals. Each of this phyla contain characteristic structural features such as oligoglycoside moieties and high oxidation of steroidal nucleus and side chains in starfish and some sponges, substitution at C-21 in ophiuroids, 24(28)-unsaturation side chains in sponges and soft corals, pregnane side chains and acetate functions in soft corals [1] [2] [3] [4] [5] [6] .
Steroidal glycosides are the predominant biological active secondary metabolites in starfish, they have been subdivided into three main groups according to their chemical structures: glycosides of polyhydroxysteroids, cyclic glycosides and steroidal 3-O-sulfated oligoglycosides named as asterosaponins [1] [2] [3] [4] [5] [6] . The starfish glycosides of polyhydroxysteroids have usually polyoxygenated steroidal aglycons with the number of hydroxyl groups ranging from three to nine. In most cases, monosaccharides of the polyhydroxysteroidal glycosides are presented by -Dxylopyranosyl and -L-arabinofuranosyl residues or their methylated or sulfonated derivatives [1] [2] [3] [4] [5] [6] . At the same time, the studies on starfish polar steroidal compounds often lead to the isolation of minor new metabolites that have rare and unique structural features.
In contrast, sponge polar steroids are, as a rule, less oxidated in steroidal nucleus, but also may contain oligoglycoside moieties. Ophiuroid's metabolites are not glycosylated, but more sulfated in comparison with other polar steroids, except some sponge trisulfated steroids, and frequently oxidated at C-21. Polar steroid from soft corals and sponges often contain 24(28)-unsaturated fragments [1] [2] [3] [4] [5] [6] .
In a continuation of our studies of starfish polar steroidal compounds we isolated and structure elucidated an unprecedented minor steroidal glycoside named as granulatoside C from the starfish Choriaster granulatus Lütken, 1869 (order Valvatida, family Oreasteridae) collected by hand using scuba at Van Phong Bay in the South China Sea. This starfish is a common species in the Indo-Pacific region. The polar steroid compounds from C. granulatus have been studied previously by Italian research group and three typical biosides of polyhydroxysteroids, 5deoxyisonodososide and granulatosides A and B, were obtained [7] .
The water-soluble materials from the EtOH extract of C. granulatus were sequentially subjected to chromatographic separation on columns with Polychrom 1, Si gel and Florisil followed by HPLC on semi-preparative Diasfer-110-C18, Discovery C 18 , and Ascentis RP-Amide columns to yield a new showing unusual blue spot at TLC (like some sponge metabolites) steroid glycoside, granulatoside C (1) ( Figure 1 ). experiments gave the chemical shifts and coupling constants of the H-1 -H-4 of fucose residues; irradiation of protons of the deoxygroup of fucoses gave the signals of H-5. All these data supported the total structure of the two -fucopyranosyl residues. The attachments of the monosaccharide units to the steroid aglycon were deduced from long-range correlations in the ROESY and HMBC spectra. There were the cross-peaks between H-1 of Fuc p I and H-16 (С-16) of the aglycon, and H-1  of Fuc p II and H 2 -21 (C-21) of the aglycon. Acid hydrolysis of glycoside 1 with 2M TFA was carried out to ascertain the stereochemical series of its monosaccharide units. Alcoholysis of the obtained monosaccharides by (R)-(−)-2-octanol followed by acetylation, GC analysis, and comparison with the corresponding derivatives of standard monosaccharide according to the procedure of Leontein et al. [10] allowed us to establish the D-configuration of the both fucopyranoses.
Based on these results, the structure of granulatoside C was determined as (20R)-16,21-O-di-(-D-fucopyranosyl)-24-methylcholesta-5,24(28)-diene-3,7,16,21-tetraol (1). This unique glycoside has some structural peculiarities, which were not found in starfish glycosides of polyhydroxysteroids previously, such as a new type of steroidal nucleus -Δ 5 -3,7,16-steroidal nucleus with carbohydrate fragment at C-16, glycosylated at C-21 ∆ 24(28) -21-hydroxy-24-methyl-cholestane side chain and -Dfucopyranosyl residues, which typical for asterosaponins but early not found for starfish glycosides of polyhydroxysteroids. The steroids with attachment position of carbohydrate fragment at C-16 are rare type of starfish glycosides and were isolated previously only from two starfish species of the genus Anthenea [11] [12] [13] and the starfish Craspidaster hesperus [14] . The steroids with sulfated 21-oxygenated side chains are typical for the Ophiuroidea class [1] and were found early in the starfish Euretaster insignis [15] and some starfishes of Pterasteridae family [16] [17] [18] [19] [20] . The steroid with glycosylated at C-21 side chain was occurring for the first time in marine polar steroidal compounds. Therefore, the isolated steroid metabolite demonstrates features arrived from several biochemical parallelisms with representatives of other classes of marine invertebrates such as the attachment of polar substituents to C-21 as in ophiuroids, the obtaining of  5(6) -3,7-dihydroxy-moiety as in biosynthesis of some sponge steroids, conservation of 24(28)double bond as in many soft corals. Reasons of such parallelisms are not quite clear, but probably it is determined by predatory position of starfish, who may obtain some particular chemical fragments into their metabolites from prey.
Experimental
General: Optical rotation was determined on a Perkin-Elmer 141 polarimeter. The 1 H and 13 C NMR spectra were recorded on a Bruker DRX 700 spectrometer at 700.13 and 176.04 MHz, respectively, chemical shifts were referenced to the corresponding residual solvent signal  H 3.30/ C 49.0 for CD 3 OD. The HR ESI mass spectra were recorded on an Agilent 6510 Q-TOF LC/MS mass spectrometer; the samples were dissolved in MeOH (c 0.001 mg/mL). GC analysis was performed on an Agilent 6580 Series chromatograph equipped with an HP-1 MS (30 m × 0.32 mm) capillary column over the temperature range 100270ºC at 5ºC/min with the carrier gas He (1.7 mL/min); the temperatures of the injector and the detector were 250 and 270ºC, respectively.
HPLC separations were carried out on an Agilent 1100 Series chromatograph equipped with a differential refractometer; Diasfer-110-C18 (10 m, 250  15 mm), Discovery C 18 (5 m, 250  10 mm), and Ascentis RP-Amide (5 m, 250  10 mm) columns were used. Low pressure column liquid chromatography was performed using Polychrom 1 (powdered Teflon, Biolar), Si gel KSK (50160 m, Sorbpolimer), and Florisil (Fluka, 100200 mesh) columns. Sorbfil Si gel plates (4.5  6.0 cm, 517 m, Sorbpolimer) were used for thin-layer chromatography, spots were visualized by spraying with aqueous 10% H 2 SO 4 followed by heating at 110°C within 5 min. 
Acid hydrolysis and determination of the D-or L-series of monosaccharides:
Acid hydrolysis of 1 (1.2 mg) was carried out in a solution of 2 M trifluoroacetic acid (TFA) (0.75 mL) in a sealed vial on a H 2 O bath at 100C for 2 h. The H 2 O layer was washed with CHCl 3 (3  1 mL) and concentrated in vacuo. One drop of concentrated TFA and 0.5 mL of (R)-()-2-octanol (Aldrich) were added to the sugar mixture, and the sealed vial was heated on a glycerol bath at 130C for 6 h. The solution was evaporated in vacuo and treated with a mixture of pyridine-acetic anhydride (1:1, 0.4 mL) for 24 h at room temperature. The acetylated 2-octylglycosides were analyzed by GC using the corresponding authentic samples prepared by the same procedure. The following peaks for monosaccharides were detected in the hydrolyzate of 1: 
